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Memorandum Denver, Colorado 
Chief Designing Engineer November 9, 1951 

Through: Chief, Engineering Laboratories Branch 
R. E. Glover 

Analytical check of flow conditions in the proposed channel below Oak- 
ville Dam--Lower Nueces River Project 

These computations were made to provide an  independent check 
upon the analog data previously obtained. Another purpose was to esti- 
mate maximum and minimum water depths in the channel since the Meali- 
zation required to adapt the data to analog treatment  made i? possible to 
obtain values for  the fluctuations of level but did not give corresponding 
values for the water depths. Details of these computations and a sum- 
mary of resul ts  a r e  given in the following paragraphs. 

2. Analytical Check 

In o rde r  t o  bring the problem within reach  d.analytica1 treat- 
ment, it is necessary to  assimilate the actual channel to one of uniform 
width and to assume for  it a constant top width. It is also necessary to 
select a representative flow condition as a bas is  for  estimating the fric- 
tion losses. In addition it is expedient to make the friction losses pro- 
portional to the velocity of flow to avoid complicating non-linearities. 

It will be noted that this idealization is very similar  t o  that used 
as a basis f o r  setting up the analog because the choice of representative 
flows and a corresponding linearized resis tance is present in both cases. 
The analog has the advantage that a channel of varying cross  sections 
can be represented while the a-nalytical procedure is limited t o  treatment 
of a uniform channel, 

Because most of the storage occurs in the dredged channel the 
idealized uniform channel is chosen t o  represent  this reach as nearly 
a s  possible. The effect of the spillway channel s torage is neglected. 
The computation is made in two parts.  The f i rs t  part is concerned only 
with the effect of variation about the mean flow while the second part is 
concerned with the effect of the mean flow. The methods used will now 
be described. 

F o r  the oscillating case let: 

A represent  the a r ea  of a channel cross section 
C represent  Chezyls constant 
M the channel depth at  the center 
F the representative flow 
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This integral can be evaluated in t e r m s  o r  tabulated functions in the 
form: 

( 7 )  

The second t e rm  in the right-hand member of this equation is expres- 
sible in t e rms  of the " ~ r o b a b i l i t ~  integral" which has been extensively 
tabulated. 

If x approaches zero  while t is greater  than ze ro  a limiting 
form which gives the r i s e  of the water level at x = 0 is found to be: 

Yo = Qo 

In order  to evaluate the water level fluctuations a t  the power plant we 
proceed as follows: 

W e  choose 

H = 7,0 f t  
Average bottom width 125 feet 
Side slopes 2 horizontal on 1 vertical 
Average top width W = 153 feet 
Area of c ro s s  section 973  ft2 
Velocity corresponding t o  F = 2.400 is 2.467 
The hydraulic radius is R = 6.23 feet 
F o r  a Kutters "nl' of 0.030 the Chezy C value 

f t /sec 

would be 
about 7 1. 

then 



w In order  to isolate the fluctuationsof level we will s u  3 erimpose 
two flow patterns. The first pattern will be a flow of 4800 ft / sec  which 
continues during the first 4 hours of each 24-hour period. The second 
pattern is a flow of -800 ft3/sec which is continuous. These solutions 
obey the law of superposition. In the making of the computation, it will." 
therefore be assumed that once a flow is begun it pers is ts  forever. The 
necessary changes will be obtained by adding o r  subtracting new flows a s  
required. The f i rs t  pattern for  example will  be obtained by imposing a 
flow of +4, $00 ft3/gec at the beginning of each 24 hours and superimposing 
a flow of -4, 800 ft3/oec 4 hours thereafter.  The detail of the computation 
is shown in Table 1 below. 

Table 1 - 
COMPUTATION OF WATER LEVEL'VARLATIONS A T  THE OAKVILLE 

POWER PLANT BASED ON F = 2,400 ft3/sec H = 7.0 FEET 

Time Time 
hours seconds \rtD - - y o  Variation of 

F -- F1 - feet - level feet 

+4, 300 -800 0 
-4,800 +12.446 

+4,800 -2.910 15.356 
-4,800 i -11 .281 

4,800 -3.232 14.514  
-4,800 +ll. 004 

- Some idea of the difference which another choice of F and H could have 
can be obtained by comparing these resul ts  with the choice 

.A F 3,600 ft3/sec 
H = 10 ft 

then 

A = 1450 f t 2  
W = 165 ft 
V - 2.482 f t /sec 
R = 8.543 
C = 76.7 for "nu = 0.030 



I With  this choice the variations of level would be reduced to 9. 600, 9 .073 
and 8. 994 feet, respectively. The last  of these figures would most nearly 
represent the fluctuations in level after a number of cycles of operation. 
These estimates of level fluctuations a r e  probably on the high side because 

The second part  of the computation, namely, that relating to the  
level about which the fluctuationstake place, can now be made. The depth 
at which a steady flow of 800 cubic feet per second will flow in the improved 
channel below the dredged section will f i r s t  be made. It will next be as -  
sumed that this average depth exists  a t  the outlet of the dredged section 
and the depth a t  the power plant will then be computed by use of Bresse ' s  
tables, if necessary. For the dredged section the wri ter  obtained a depth 
of 4 .3  feet and for the channel downstream of the dredged section 4 .4  feet. 
Using a different formula Mr .  E. J. Rusho obtained 4 .05  feet for the dep th  
a t  which 800 cubic feet per second would flow in the 170-foot bottom width 
section a t  the plant if the water surface were parallel to the bottom. A s  
an  average for the dredged section he obtained 4.80 feet and'for the cha'nnc! 
downstream of the dredged section 4.36 feet. These values seemed close 
enough together to make a computation of backwater curves unnecessary. 

The flow variation at the lower end of the dredged channel may 
be computed from the idealized relation: 

with 



These cor~putations a r e  shown in the following table: 

Table 2 

COMPUTATION OF FLOW A T  MIIJE 87.0  
APPROXIMATELY 10 MILES DOWNSTREAM FROM THE POWER PLANT 

n- 2 
Time e 'U du Q Remarks 
hour seconds --&- f t3 / sec  

F - 
J: 

VaE - -.- 

0 0 D 0.0000 +4,800 0 
4 120.00 0.758 0.2837 -4,800 1362 
8 169.70 0.536 0.4484 790 

12 207.55 0.438 0.5356 418 
16 240.00 0.379 0.5920 27 1 
20 268.33 0.339 0.6316 190 
24 293.94 0.310 0. 6611 +4,800 142 
28 317.50 0.286 0.6859 -4,800 1481 
32 339.41 0.268 0.7047 880 
36 360.00 0.253 0.7205 494 
40 379.48 0.240 0.7343 337 
44 397.99 0.229 0.7460 246 
48 415.69 0.219 0.7568 +4,800 194 
52 432.67 0.210 0.7665 -4,800 1528 
56 449.00 0.203 0.7740 0 17 Cycle 
60 464.76 8.196 0.7816 53'1 Average 
64 480.00 0.190 0.7882 369 640 cu. ft. 
68 494.77 0.184 0.7947 277 per  second $ 
72 509.11 0.179 0.8002 +4,800 220 

3. Summary of Results. 

A summary of analog and computed resul ts  are shown in Table 
3 below: 



SUMMARY O F  ANALOG AND COMPUTED DATA 

Quantity Analog Computation 

Fluctuations of water  level  at the 21 
power plant (mile  96.8) 9.7 feet  and 9.g feet 

Minimum and maximum water  d e ~ t h s  1 / 
at the power plant . +0.9 t o  1 5 . 3  2 /  

+2.2 t o  11.2 

Mean depths with a flow of 
800 cubic fee t  p e r  second. 

In dredged channel (mile 87. 0 to 96 .8)  

In improved r i v e r  channel (down- 
s t r e a m  of mile 87.0) 

3 / 
4 . 9  feet  

4. 3 feet  

Flow variat ions at the downstream 
end of the  dredged sect ion (mile 87.0) 1040 f t3 / sec  1308 f t3 / sec  

Flow variation 20 mi l e s  downstream 
f rom plant (mile  76.8) 

Flow a t  t h e  downstream end of the 
dredged sect ion (mile  87, 0) 3 0 ~  LU Luvv A & - ,  ewu 

. T / w i t i l  - represen ta t ive  flow of 2.400 f t3 / sec  and 7.0 feet  
depth. 

2 /  With represen ta t ive  flow a t  3, 600 f t 3 / s ec  and 10.0 feet  - 
depth.. 

? /  M r  Rrlsho es t ima te s  4. 051 depth a t  plant with 170-foot 
nnrl chzannel sect ion and 

3 ..A- . -. -- - - - - - . 
bottom width, 4.80 feet for  the average  dred,,-. - ..------- - - - 

lownstream of mile  87. 4.36 feet  depth in the improved"channel a 
Computed values increased 160 f tS / sec  t o  b r ing  average  

to  800 ftB/sec. Flow cycle assumed at the Power  Plant  is 4800 f t t / s e c .  
I 

for  4 hours  and 0 fo r  20 hours in both ca se s .  

4. Check computations: 

Ttlese computations have been checked by Mess r s .  E. J. Rl;sho 
and 4. L. Florey.  I 



Memor -andurn Denver, Colorado 
Chief Designing Engineer October 23, 1951 
K. 0. Vart ia  Through: Acting Head, Engineering 
R. E. Glover and C. R. Daum Laborator ies  Branch 

Study of flow conditions in the proposed channai below Oakville Dam-- 
Lower Nueces River Pro jec t  

Introduction 0 

1. P r e s e n t  s tudies  contemplate the use of the power plant a t  the 
Oakville Dam as  a peaking plant. The mean flow of the rf-:er will be 
about 880 second feet  during the s u m m e r  months, but power plant 
operation may release,  flows of as much a s  4,800 cubic feet  p e r  sec-  
ond into the channel. The present  s tudies  a r e  being made t o  determine 
the fluctuationsof level caused by such r e l e a s e s  and to  a r r i v e  at maxi- 
mum flow rates in the lower channel. These flow r a t e s  a r e  of interest  
because, if excessive, they may lead t o  erosion of the channel. 

2. Following a n  exchange of correspondence between the  Regional 
Director  and the Chief Engineer, Mr. Vartia came to  Denver on October 
15. Upon h is  a r r i v a l  consideration was given to  the question of ways and 
means fo r  obtaining the needed data i n  the most expeditious manner. 
Computation procedures,  analog studies, and model studies were  discussed. 
Computation procedures  appeared undesirable because of the  complications 
introduced by wave motion and friction. Model studies would probably 
provide the best  answer in a technical sense  but would be expensive and 
would consume a good deal of time. Analog studies were  chosen because 
they promised a quick evaluation with a n  accuracy sufficient for  present  
planning purposes. 

Analog Design 

3. Reference is made to  the paper on "Application of an Analog Com- 
puter  to the Hydraulic Problems of the Sacramento-San Joaquin Delta in 
California" of which a copy is attached. The methods t h e r e  described 
were  applied to  the approximately 20 mi les  of channel below the dam. 
Of this  length the first 10 mi les  of channel were  assumed to  be dredged. 
The dredged portion was assumed t o  have a bas? width of 170 feet at the 
power plant and to  taper  to  a base width of 80 feet  a t  the downstream end. 
Side s lopes of two horizontal to  one ver t ical  were  assumed. A Kutter 's  
"nu of 0.030 w a s  used for  the  dredged channel and the improved s t r e a m  
channel. Elsewhere a n  "n" of 0.050 was used. The channel was divided 
into twenty 1-mile reaches  and the spillway channel was a l s o  included. 



COMPUTATION OF ANALOG QUANTITIES 

Main Channel 

Effective 
Effective water Average Effective Wetted IIydraulic 

Resist-  Top Capacitance 

flow depth width A r  a velocity perimeter radius Chezyls  ance width micro- 
f f t / s e c  ft' ft llc t 

ft ohms ft farads 

1288 2.329 20 1 6.41 72 116 198 1.21 

2 820 174 1218 2.315 I 191 6.38 72 12 3 188 
2 

1. 25 
7.0 

2 640 164 1148 2.300 181 6. 34 72 i30 178' 1.09 3 7.0 
2460 1078 2.282 171 6. 30 72 139 168 

4 154 
1.025 

7.0 
2280 144 1008 2.261 161 6.26 7 2 148 158 0.965 

5 7.0 1 5 ~ 7  148 
6 2 100 134 151 7 2 

1920 124 14 1 72 171 138 
7 

1740 798 2.180 131 6.09 71 18 5 128 114 G; 78 8 7.0 
1560 728 2.142 12 1 6.02 7 1 212 118 104 8.72 9 7.0 
1380 9 4 658 2.097 111 5.93 71 229 108 0.66 

10 _ 7.0 199 107 
31 1200 7.0 94 ~ 5 8  1.823 

- 11 1 5.93 
6.75 93. 5 631 1.743 110 5.74 4 5 508 106 

1100 12 
1000 6. 50 93.0 604 1.655 109 5.55 44 547 105 0. 64 

13 
6.25 92.5 578 1.557 108 5.35 43 58 1 104 0.635 

14 900 
6.00 92.0 552 1.449 107 5. 16 43 587 104 0.635 

15 800 
C;9 1 A d 9  5"- *.a, b 

587 104 0 . t m r  
16 6.00 92.0 107 - -  . 5.16 4 3 800 

6.00 92.0 552 1.449 107 5.16 43 587 104 0.635 
17 800 

6.00 92.0 552 1.449 107 5.16 4 3 587 104 0.635 
18 800 

6.00 92.0 552 I. 449 107 5.16 43 587 104 0.635 
19 800 

6.00 92.0 552 1.449 107 - 5.16 43 587 104 0.635 
20 800 

I .  

&illway Channel 

Channel -- 112 672 2.00 1 lZ7 
5.3 6 8 124 

562 -- "- " L 

Pool I r 0- n r 
574 





The correlat ion equations chosen are: 

t = 1,728,  00017 
I 

These a r e  appropriate for  an analog in which 1 /20  second r ep resen t s  
24 hours  of prototype t ime. Inertia effects  w e r e  found to  be of minor  
importance and were  neglected. It i s  for th i s  reason  that no induct- 
ances  appear in the analog. In the prototype hydraulic friction l o s s e s  

res i s tance  in the analog, i t-was necessa ry  to  select  some effective 
e 

flow r a t e s  a s  a bas i s  for  proportioning the  res i s tance .  The r a t e s  
~ h n w n  were chosen by Mr .  Vartia.  It was  contemplated that if the 

t choice moved to  be unsuitable an improved choice could be made 
ompleted. Th i s  f i r s t  choice, however, 

proved to be reasonsbly satisfactory.  Data for the f i r s t  runs  were  
read from an oscil loscope t race.  Later  r u n s  a r e  to be recorded on 
a n  oscillograph. The analog cornputations and quantities a r e  shown 
below. Since an  oscil loscope is not adaptable for  measuring d i r ec t  
cu r ren t  quantities o r  constant voltages the minimum values of wa te r  
level and of flow in the channel could not be obtained by this means. 
Oscillograph record ings  a r e  therefore being made and these will be 
forwarded a s  soon a s  possible. 

I Conclusions 

1. The following conclusions can be drawn from the analog studies 
t h u s  f a r  made: I 

a.  Water level fluctuations a t  the plant will be about 10 feet. 

b. Flows in the lower channel will va ry  about 360 second feet 
from minimum to maximum ar from approximately 620 to 080 cubic 
feet per second. 
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by 
R. E. Glover, D. J. Hebart, and C. R. I)am 

The Delta area i n  California Is a roughly triangular t r a c t  

I of land lylng Just  t o  the oast of Suisun Bay. This area, which 

extends for a bistanoe of about 50 n l l e s  north and aouth and has a 

,mum vidth of about 4 d e s ,  was original3J a marsh with a network 

of cham el^ threadillg though it. A t  the present t-, t h i s  area 18 

agr icul turd  land which has been reclalnmb by conetruoting dikos dong  

the olA chaarmls t o  incloae areas which can be pumped cut and fanned.. 

The Delta is traversed by the Sacramento River which enter8 

it from the north, by the Son Joaquln which c-8 into it fim the  

south, and by the North and South Forks of the M o k e l w  River which 

came in  fram the east .  The old netwrk of channels, which has been 

effectively peserved and stabilized by the process of roclsmatlon, 

s t i l l  carries the flow of these stream6 through the Delta. 

Tides c d n g  into Sen Francisco Bay fram the Paolfic Ocean 

propsgate themselves through Sulslm Bay and into the Delta channels. 

Since the t idal currents generally exceed the current6 Cue t o  stream 

flow, the direction of flow In the chaonels are perladically reversed 

anb 8 mechanism is provided fo r  prop~gaticn of ocean ealinlty in to  them. 

The asllnlty enoroacbmnt is held i n  cheA by stream flow which tends 

# t o  flush the salinity out of the chaunels. In  timss of flood the 

a d i n i t s  is driven back but i n  times of low stream flow tho t ida l  ebb 

I 



of a d l a i t y  i s  a matter of concern t o  the f a r m r e  of the Delta l aa le  

because the ground surface of theee reclajrmsd land8 or "ielmde" 18 

commonly below sea level  so that tihe gradient8 are ewh as to carny 

water Fran the chaanela into the ielanbe. Conetruotioa of the 8hae'ta 

Reservoir on the upper Sacraanento River has made a water eupply avail- 

able which l e i  desired fo r  w e  on sume of the lande la the San Joaquin 

Valley acroea the Delta. To euppLy t h i e  demand the Baoy Pump* Plant 

wlll lift water out cf the Delta chammle a t  the eouth end of the Delta 

and the water t o  suppu these p u p s  muat be brought acrose the Delta 

through It channels. 

The problm t o  be eol'Ped i e  then how t o  b r i w  the Sacremento 

water across the Delta t o  the San Joaquin s1d.e without u p s e t t i ~ g  tfne 

balence of forces which now holds the sa l in i ty  in  check. 

Reasons for Use of an Analog 

One of the f irst  msthods of attacking t i e  problem wae by 

mans  of an hydraulic model. The channels of t h i s  model were repro- 

duced t o  a scale of 1:w0 horizontal & 1:100 v e r t i c d .  A tide 

generating a p p e r a t ~ s  and mane for i n t r o d ~ i n g  stream f l o w  were provided. 

Provfsion wae a3.so made for extractions t o  repreeent diverslone for 

use on the Delta lanbe, Dyes wre 1n"~rodWed t o  repreeent sal ini ty.  

Flow patterns i n  the Delta were extenelvely studied with this mode2 

both for  hietoric  conditfonei and for  the anticipated conditiorm se  

al tered by pmping. It ale6 provided a mane for test ing annlytioal 

procedures fo r  estimating eal ini ty propseation. After theee re8IiI.t~ 

were obtained, the model haA served i ts  pwpoeee and was diamntletl. 

2 



increase the transfer of water *am the Sacramento t o  the San ~ o a q u l h  

chamel8 i n  order t o  replenish the water supply of the southern part 

cf the Delta and thereby mslntaia a proper babnce of flow, stublee 

of the possibi l i t ies  of a r t i f i c i d  channels cormecti~~8 the Sacreinento 

and Mokelmm chaansls t o  increase the transfer were carried out 

tmalyt icdly using the Hardy Cross procedlw for determining the 

division of flow sob the methods previously established Mth  the alb 

of the model for  e s t i n a t i w  sa l in i ty  intrwlon: A tidpl phase 

difference existed a t  one of the sites which could be ut i l ize& t o  

increase the transfer. Since gates would be ueceseary i n  any caere 

fo r  protection during floods, it would be possible t o  open the 8 e b s  

when the tidal currents were favorable an8 t o  cloes them when they were 

adverse. An analytical approach t o  t h i s  problem based on wave propa- 

gation formulas proved t o  be very diff icul t ,  erd while stma of these 

camputation. were actually made, the process proved t o  be so laborioW 

a s  t o  make it desirable t o  search for same other method of solution. 

The electronic analog computer b u l t  to expedite these 

computatiam not only was successful for  th ia  purpose but gave also 

a more rapid means of studying flow distr ibut ion i n  the Delta and a 

m e a m  fu r  evaluating the effect of t i da l  c m e n t s  on the efieotive 

flow resistance of the Delta channels. The appearance of the canpleteb 

analog is shown i n  Figure 1. 

Adlog Requirements 

In order t o  solve the Delta problem, it is  r e q w e d  tha t  

the analog bo able t o  reproduce the s q w e  Paw re la t ion  between fr ict ion 



level changes must be accounted for. The factors q l o y d  in thls 

d o g  t o  represent the hydraulic faotas  are shown in !Cable I. 

e 1 

c0RRESH)XUlMG HXINLULIC AID W G  QUAR2X'IBS 

Hgdraullc Electrical 

Resistance 1 

shown in Figure 2. 
I 

The ldluctsnoss are air-cured cotls which are either of 

ccamrcial types or were wound as required. The omdenser8 are 

lmq+-a of the paper or mica type. In the w e e  cham el^, 

of certsin vacuw tube chsronteristics which hare approrimstelJ the 

the required form of variation. These ntre used vlth reelstme In 



used i n  such cases i e  shown i n  Figure 3. 

A tube vlth two elemnte i e  used t o  permit c m e n t  t o  flow 

i n  ei ther  direction. Tlais type of res is tor  is not wholly satiefactary 

since the tubes show differences which make it necessary t o  adjust 

each om sepaxately. The c m e n t  carrying capacity l s  res t r i c t ed  

within narrow l M t e ,  and it i s  necessery, therefare, t o  b e e m  the 

analog around these elemntrr. Net c w e n t  flow8 were read on d-c 

milbiammeters. T i d a l  gmplit~.~Xes snb phase differeaoos are read on a 

cathobe-ray oscilloscope. The gate keeper was represented by a rec t i -  

f i e r  c i rcui t  using a 6197 type tube. This tiLeo had same short camlqs 

near the zero point W c h  1ntroduc:ed a .  effec t  ans lo~ous  t o  gate ledrsge. 

In  spite of these mitor dif f icul t ies ,  .the analog operatee i n  a very 

satisfactory manner. Saw idea of the $peed v i th  which the andog 

vorks'm8.y be obtained frcm the fac t  tha t  the analog x w  through about 

500 days of actual t idal changes i n  each second of operating tims. 

Basic Equation8 

In setting up the correlation ea_uatione, the e lec t r i ca l  

c i rcui t s  were assmed t o  have t h e k  inductance and capacity ul iormly 

distributed dong  the* length. In practlco, these elements and the 

1 square l a w  resistance were lumped. l%e iner t ia  and storsge factors 

were considered together, and the resistancee were considered 

Y separately. For purposes of explanation, the f o l l o w i ~  notation 

will be used: 

In the hydrarilic channel l e t :  



the depth of the stream 
the length of a cbaxml 
a conatant appPyiag t o  a channel specifylag i ts  flow 

resistance 
the flow 
time 
the width of the streaaa at the sW8ce  
d l s t w e  along a stream 
the surface elevation above sea level  
weight of water per unit  of volUm 

A longitudinal sectlon of a stream channel is  ehown i n  

Flgure 4. The ahaded element represents a lamina of width W, depth 

H, and length dx.  For analytical purposes the actual channel I s  as- 

eimilatea t o  a unifozm rectangular ohemel which has the smne top 

width and croas sectional area as the actual chamel. Ae stated gre- 

viouely, f r ic t ionel  farces are not introduced into the dynamical 

eguatiow, but are treated separately. Since , x repreeents a dia -  

tmce  measured along the stream frm sume fixed point on the bank, the 

planes defined by x and x 1 dx do not change position with time. 

It is assumed that y i s  Fmvlll. campared t o  H. 

The continuity condition requlree tha t  if  the quantities 

of water flowing through thu planes x and x / dx dif fer ,  then the 

surface elevation n u t  r i s e  ar fa l l  as requirerl t o  accuminodate the 

changes of voluae. l2P smd. l  quantities are  neglected, t h i s  require- 

ment i s  expressed by 

29  dxj  W b r  = + Q - ( Q /  a x  
w d Y  

If a surface gradient i s  present, the water depth on one side of 

the lamina vlll be greater than on the other by the amount $$ bs 

d the ad.&ltioncil pressure due t o  t h i s  head ififferentlal  w i l l  cause 





which correspond, to  equations (1) an& (2) for the hydraulic channels 

are: 

frm which there i s  obtained on eUpaiaation of I 

For the circuits provided with sa electronic resistor for 

representation of hytkaullc resistslloeb of the t y p  expressed by 

equation (4) 

or lf the circuit hss a linear resistance 

Correlation l!W~tions 

The electroaic andog  operates at s freqwmy of 1,000 

cycbs per rrscoad. The rinueoidd variaticm iglgoaed on the mtdog 

approrlm8telg represent t i da l  osoWatioas ha* a irequenoy of 

wee, f o ~  ~ Z ~ O P Q ~ ,  '"Ph0 Tihemy of 80uad" by LcTd -Lei@, 
Volw  1, Parwaph 23%) pege 467. Tha equation. (5) anb (6) oan be 
obtainsd frcnn  Rsylelghg e equation 1 by lettixl8 R = 0,K = 0 ,  In this 
form they are  a simplified version of Heevlsbde s equtlonm fur a larrg 
11- . 





w h i l e  c~ments leaving the network represent the Wait of the %my . 
pmpe and the flow From tihe Delta area into Suieun Bay. To Inbodwe 

- these currents, voltages of controllable mgnitude were introdwed 

between the network and the ground wlre (eea Pigme 2). Control of 

the clxrrents wets obtained bg variable res ie tars  located a t  the points 

where the currents enter andoleave the network. 

The t ides  were represented by altermating volterges of 

specified msgnit~3.e applied between the network an8, the @-o- K.lre 

at the point on the &og representing the entrance t o  Suisu .  Bay. 

A blocking condeneer was ueed here t o  prevent the flow of d i rec t  

current. The actual t ides  occuering at this .point  vary eomrswhat Fram 

day t o  day due t o  varfing phaee relat ions between the lunar' and solar 

ccanponents. In the analog these tidal variations were replaced by a 

single sinusoidel veriation of average amplitude. The coanections 

arranged for introducing the direct  cmen'bs representing stream 

flow would permit the alternating c w e n t s  representing the t ides  t o  

pass into the gro- xire  at other points than that  representing the 

entrance t o  Suiaun Bay. Since t h i s  would introduce errors  inductive 

bl.rcking Impdences were introduced into the direct  current c i rcui t  

wherever neos~aary t o  confine the alternating currents $0 the proper 

I zxjtwurk circui ts .  Whez-2 stream channels continued beyond the area 

regreeented by the amdog, lmped irapedences were introduced t o  repre- 

eent those portion6 b'eyond the andog area. In most caeas these were 

determined by trial e80 tha t  known tidal behavior w o U  be proper* 

I represented. 
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Tbw rcrooadu rbcar t b  #re sbpo, ma&tad. pbsa  8 h i n  
of th. atager dtB re-t to grolPad for tho po-8 at the be@ndng 
of Uls a -ti- ef th. w a g .  w 1Q 

Olas volt in the d o g  rapmwlrtr 1 foot Pn %he pmtotyp. 
The folkage -om wm d$mtiad rpo that 10 volts vodld m d t  in 
a d.fb&Lo~ of 1 Wh;  th fon ,  1-inrrh d.fl68tim n p n m s  10 
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